Introduction {#sec1_1}
============

Stereotactic body radiotherapy (SBRT), also referred to as stereotactic ablative radiotherapy, has emerged as a valuable treatment option, either alone or in conjunction with other radiotherapeutic approaches and/or pharmacotherapy, for oral as well as head and neck malignancies (HNM) \[[@B1]\]. Several issues have been under active investigation, including the optimal dose-fractionation scheme according to a wide variety of clinical scenarios, and long-term outcomes with respect to safety and durability of efficacy \[[@B1]\].

Integrated PET/CT with 2-\[^18^F\]FDG, referred to hereafter as ^18^F-FDG-PET/CT, is considered a useful adjunct to conventional imaging for disease staging, target definition, evaluation of treatment response, and detection of disease relapse outside the treated site for patients undergoing SBRT for HNM \[[@B2], [@B3]\]. Although ^18^F-FDG-PET is well known to give false-positive results in the early period after (chemo-)radiotherapy because of treatment-induced inflammation, the effect on image interpretation can be eliminated more than 12 weeks after treatment \[[@B3]\].

Herein, we describe an unusual case presenting with late 'pseudoprogression' on ^18^F-FDG-PET, despite the observation of sustained tumor regression on MRI, following extremely hypofractionated SBRT for metachronous retropharyngeal lymph node metastasis (RPLNm) from esthesioneuroblastoma associated with ectopic adrenocorticotropic hormone (ACTH) production.

Case Presentation {#sec1_2}
=================

A 33-year-old man first experienced bilateral leg edema and bradycardia. He was diagnosed with esthesioneuroblastoma that extended into the brain parenchyma and the orbit. Bilateral submandibular lymph node involvement (modified Kadish stage D) was also diagnosed. His general symptoms were proven to be attributable to Cushing\'s syndrome due to the ectopic secretion of ACTH by esthesioneuroblastoma. Following induction chemoradiotherapy with cisplatin (CDDP) and 5-fluorouracil and 40 Gy in 20 fractions using a single anterior port, he underwent gross resection of the primary tumor as well as bilateral selective neck dissection. He subsequently received 2 courses of adjuvant chemotherapy including CDDP and etoposide (VP-16), although he refused postoperative radiotherapy to either the primary site or the neck. Cushing\'s syndrome as well as pathological secretion of ACTH subsequently resolved.

Right submandibular lymph node metastasis developed 19 months after the initial surgery. A lesionectomy was therefore performed. Ten months later, the patient experienced right RPLNm and contralateral multiple neck lymph node metastases (level Ib--III). After neck dissection surgery on the left side, he was referred to our institution for treatment of the right RPLNm.

SBRT was performed 33 months after the initial treatment. We used the dynamic conformal arcs technique with the m3^®^ (BrainLAB AG, Feldkirchen, Germany) micro-multileaf collimator as an add-on device on the Clinac 21EX linear accelerator (Varian Medical Systems, Palo Alto, Calif., USA) with a 6-MV X-ray output to deliver SBRT. The patient\'s immobilization was achieved using the BrainLAB thermoplastic mask \[[@B1]\]. BrainSCAN v5.3 (BrainLAB AG) was used to generate the dynamic conformal arcs plan. Planning CT scans were acquired in contiguous 2-mm slices and fused to gadolinium-enhanced T1-weighted MRI, also in 2-mm slices. The clinical target volume (9.7 cm^3^) was delineated, principally by referring to the MRI. It was then expanded by 3 mm isotropically to form the planning target volume (PTV, 20.0 cm^3^) after accounting for the setup uncertainty arising from the lack of a dedicated image-guidance system. The prescribed dose to the PTV isocenter was 30 Gy in 2 fractions with an interval of 7 days, and the dose calculation algorithm was based on a pencil beam with the radiological path length to correct for tissue heterogeneity. The dose encompassing 95% of the PTV (D95) was 26.6 Gy (88.7%) on the dose-volume histogram (fig. [1](#F1){ref-type="fig"}). One course of systemic chemotherapy consisting of 70 mg/m^2^ CDDP (day 1) and 85 mg/m^2^ VP-16 (days 1--3) was also started the day after SBRT initiation. The patient completed the planned treatment but experienced a generalized convulsive seizure 2 months after the completion of SBRT, necessitating the administration of an anticonvulsant.

In addition to MRI, ^18^F-FDG-PET/CT evaluation was included in imaging surveillance after SBRT. Dual-time-point ^18^F-FDG-PET/CT imaging (whole body) was acquired 1 h (early) and 3 h (delayed) after the ^18^F-FDG injection. Follow-up MRI 10 months after SBRT revealed a recurrent nodule in the right basal frontal lobe (marginal recurrence at the primary site), which was treated by single-session stereotactic radiosurgery using the aforementioned system \[[@B4]\]. The maximum standardized uptake (SUVmax) values (early/delayed) in the right RPLNm on ^18^F-FDG-PET/CT increased from 7.7/8.3 to 8.5/10.1 1 and 2 years after SBRT, respectively (fig. [2](#F2){ref-type="fig"}). Nuclear medicine radiologists suggested a progression of the right RPLNm. Since MRI showed sustained regression of the RPLNm thereafter (fig. [3](#F3){ref-type="fig"}), we chose to keep the patient under clinical observation. He required craniotomy for the decompression of symptomatic delayed cyst formation in the right frontal lobe that developed 38 months after stereotactic radiosurgery \[[@B4]\]. He also developed marginal recurrence in the right posterior ethmoid sinus that extended into the orbital apex 55 months after SBRT which was treated with endoscopic resection followed by postoperative radiotherapy via image-guided SBRT and using the Novalis Tx (BrainLAB AG) with 35 Gy in 10 fractions to 85% isodose surface for PTV (8.7 cm^3^) coverage \[[@B5]\]. The early/delayed SUVmax values then gradually decreased over a period of 4 years to 3.3/3.4 76 months after SBRT (fig. [2b](#F2){ref-type="fig"}). Whole-body ^18^F-FDG-PET/CT, obtained 76 months after SBRT and MRI obtained 84 months after SBRT, revealed no obvious recurrent or metastatic disease as well as sustained regression of the RPLNm (fig. [3](#F3){ref-type="fig"}). The patient was alive at the last follow-up visit (10 and 7 years after the initial presentation and SBRT, respectively) with a Karnofsky performance score of 90 and with no clinical or radiological findings suggesting SBRT-related toxicities.

Discussion {#sec1_3}
==========

At the time when we were considering SBRT for RPLNm in this case, the use of the micro-multileaf collimator as an add-on device for a non-dedicated linear accelerator and the machine capacity at our institution required us to use a very limited number of fractions, only 1 or 2 per week \[[@B1]\]. In this case, we used 2 fractions over 8 days. Despite no additional systemic treatment, the RPLNm gradually shrank over 3 years, and sustained regression was achieved for a further 4 years as observed on MRI, suggesting a continued, gradual response (fig. [3](#F3){ref-type="fig"}), whilst ^18^F-FDG-PET/CT revealed profoundly different findings during the same period. The SUVmax increased between the first and second year after SBRT, but then spontaneously and gradually decreased and has continued to do so for a period of more than 4 years (fig. [2b](#F2){ref-type="fig"}). Given the ablative nature of the SBRT dose used, the effect of radiation on the metastatic lymph node and surrounding normal tissue would be quite distinct from that of conventional (chemo-)radiotherapy. Specifically, in addition to tumor cell death, SBRT may result in coagulation necrosis of both tumor and normal tissues as well as a wide variety of chronic inflammatory processes. The transient increase in the SUVmax values at 2 years might reflect some of these consequences. In addition, these imaging findings suggest that the effect of SBRT gradually increased over several years, and that SBRT can therefore provide long-term control of lymph node metastasis from esthesioneuroblastoma. This case provides further evidence that SBRT can offer a valuable and less invasive alternative to the surgical treatment of RPLNm. Since the installation of the Novalis Tx platform, we now use ≥5--10 fractions for SBRT of HNM \[[@B5]\], although it is not known whether this confers similar local control as oligofractionation.

The patient in this case experienced a generalized convulsive seizure 2 months after SBRT, presumably as a result of the earlier brain surgery. However, given the location of RPLNm, radiation effects such as edema might stimulate a syncope attack as a result of a tumor-induced cardiovascular reflex associated with tumor involvement of the glossopharyngeal nerve adjacent to the internal carotid artery \[[@B6]\]. No other obvious radiation-related toxicities have so far been observed, although potential late toxicities germane to SBRT included injuries involving the internal carotid artery, other cranial nerves, the pharyngeal mucosa, the surrounding soft tissue, and the adjacent vertebrae. Nonetheless, further long-term vigilant observation is necessary, and caution should be exercised when interpreting the SUVmax values on ^18^F-FDG-PET/CT following ablative SBRT. It is recommended that treatment response is comprehensively evaluated using a combination of imaging modalities.

Esthesioneuroblastoma is an uncommon neuroectodermal tumor that arises from the olfactory mucosa of the upper nasal cavity in the region of the cribriform plate \[[@B7]\]. It generally has an insidious nature but often presents with locoregionally advanced disease. Furthermore, it has a propensity for local recurrence and late distant metastases \[[@B7]\]. It is very rarely associated with ectopic secretion of ACTH causing Cushing\'s syndrome \[[@B8]\], which was well controlled after initial treatment in this case. The histological grade (low or high) or Hyams classification is closely associated with initial disease extension, tendency for recurrence, and prognosis \[[@B7]\]. In this case, there were concerns regarding the detailed histopathological analysis of the primary tumor and a possible discordance in histological features between the primary tumor and metachronously developed recurrent/metastatic disease. Unfortunately, these analyses, including the histological verification of the RPLNm, were unavailable. The prognosis of patients with recurrent HNM, who are treated using a SBRT-based strategy, is largely determined by the presence of any disease outside the irradiated site \[[@B1]\]. In this case, a couple of locoregional recurrences, including RPLNm, occurred metachronously and reiteratively after the initial treatment, for which SBRT offered a less invasive and efficacious treatment as an integral part of salvage therapy, allowing the maintenance of a good quality of life. Thus, SBRT still has an important role in the treatment of recurrent or metastatic esthesioneuroblastoma.

In addition to the lack of histological analyses, several other study limitations need to be considered. First, ^18^F-FDG-PET was not performed before SBRT, and the interpretation of the SUVmax change in its entirety is therefore compromised by the absence of a pretreatment value. According to a report on the largest cohort to date, the mean SUVmax values ± standard deviation are 8.68 ± 4.75 for the primary tumor and 8.57 ± 6.46 for the metastatic site \[[@B9]\]. Certainly, these values are similar to those of the RPLNm 1 and 2 years after SBRT, suggesting viable tissue in this case, albeit one subsequently proven to be pseudoprogression. Second, the SBRT dose calculation in this case was based on a pencil beam in conjunction with a one-dimensional equivalent path length in order to correct tissue heterogeneity. However, the accuracy of the one-dimensional equivalent path length algorithm is limited for lesions close to an air cavity \[[@B10]\]. Dose calculation in this case should thus have been performed using a more accurate algorithm such as the Monte Carlo code.

In conclusion, we describe the long-term clinical and radiological outcomes of a case of RPLNm from esthesioneuroblastoma, which was treated using SBRT in 2 fractions with concurrent chemotherapy, resulting in long-term tumor control without any relevant toxicities. However, pseudoprogression was observed on ^18^F-FDG-PET/CT 2 years after SBRT, with a subsequent gradual decrease over 4 years. Nuclear medicine radiologists and practitioners should be aware that ^18^F-FDG-PET can yield false-positive findings more than a year after SBRT for HNM.
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![**a** ^18^F-FDG-PET/CT obtained 2 years after SBRT revealing an avid lesion in the right retropharyngeal space. **b** Serial change in the SUVmax values of the right RPLNm on dual-time-point ^18^F-FDG-PET/CT after SBRT, although the delayed SUVmax values at 33, 46, and 54 months are unavailable.](cro-0007-0576-g02){#F2}

![MRI with gadolinium-enhanced T1-weighted image before (Pre) and with T2-weighted images after SBRT. Arrows indicate the right RPLNm.](cro-0007-0576-g03){#F3}
